The reaction of 1-(4-tolylthio)-, 1,1-bis(4-tolylthio)-, or 1,1,3-tris(4-tolylthio)perchloro-2-nitro-1,3-butadiene with α,β-bifunctionalized ethanes such as N, N-, N,O,-, N,S-, O,S-, S,S-, or O,O-bisnucleophiles leads to both, highly functionalized 2-(1-nitroallylidene) derivatives of imidazolidine, oxazolidine, thiazolidine, [1,3]oxathiolane, or [1,3]dithiolane, respectively, and to the open chain, next higher thiolated buta-1,3-diene. The product distribution is highly sensitive to modifications of the reaction conditions: apart from changes of molar ratios of substrates and reagents the reaction temperature plays an important role. Thus, increase of the reaction temperature favours formation of the 1,3-heterocyclic ring. In all cases, extensive spectroscopic investigations have been performed and, in the case of the [1,3]oxathiolane also an X-ray analysis.
Introduction
Due to their stepped reactivity in S N reactions, nitro-substituted polyhalogeno-1,3-butadienes have proven to be valuable synthetic precursors for a variety of polyfunctionalized bioactive heterocycles.
1,2 Often times, the building block of choice is 2-nitroperchloro-1,3-butadiene (1) which is easily accessible by the introduction of an activating and directing nitro group into 2H-pentachloro-1,3-butadiene. Synthetic use of 1 opens access to a quite diverse chemistry, the documentation of which has been started by our group recently. 1 The preferred primary reaction center of 1 is the activated terminal carbon atom C-1 of the nitrodichlorovinyl moiety. This
Results and Discussion
The reaction of pentachloro-2-nitro-1,3-butadiene (1) with one molar equivalent of 4-tolylthiol (2) in diethyl ether at room temperature furnishes (Z)-1,3,4,4-tetrachloro-2-nitro-1-(4-tolylthio)-1,3-butadiene (3) as a single isomer (75% yield). 2b Use of two equivalents of thiol 2 in the presence of sodium ethoxide in ethanol at 0°C (diene:thiol:EtONa = 1:2:2) provides the dithio-substituted trichloronitrobutadiene 4 in 88% yield (Scheme 1).
Scheme 1
The subsequent vinylic substitution of the monothio compound 3 by means of 1,2-ethylenediamine (MeOH, 0°C,1 h; 3:amine = 1:2) gives dithio compound 4 (48%) as well as 2-(2,3,3-trichloro-1-nitroallylidene)imidazolidine (5) (35% yield). The latter reaction can be classified as a nucleophilic exchange reaction which, starting from the monothio derivative 3, leads to the 1,1-dithio compound 4 and, in addition, the sulfur-free imidazolidine 5. Arylthiols are known to be both good nucleophiles as well as good leaving groups. Successive, regioselective reaction of imidazolidine 5 with thiol 2 (MeONa, MeOH, 30-35°C, 6 h) provides the C-3 thio-substituted imidazolidine 6 in very good yield (90%). As a side-product, di(4-tolyl)disulfide (7) was obtained (5%) also. This oxidative coupling in the presence of air is quite common for thermal conversions or nucleophilic vinylic substitutions with aryl thiols.
3 At higher temperatures (e.g. methanol reflux) and with an excess of ethylenediamine, the direct conversion of the mononitrodiene 3 into the imidazolidine 6 was feasible, but the yield dropped down to 50% and, unfortunately, the undesired disulfide 7 then was produced in 15% yield (Scheme 2). The first mentioned imidazolidine 5 is speculated to be a reaction intermediate, the trichlorovinyl group of which is attacked by an in situ formed arenethiolate anion. Apparently, this pathway ends up with the release of a chloride anion, which for its part forms the corresponding hydrochloride with excess ethylenediamine.
Scheme 2
Moreover, reacting the bis-tolylthiodiene 4 with a six-fold excess of ethylenediamine at room temperature (MeOH, 10 h) gave the imidazolidine 6 in 45% yield accompanied by 10% of the disulfide 7 and 35% of 1,1,3-tris(4-tolylthio)-4,4-dichloro-2-nitro-1,3-butadiene (8). Turning to methanol reflux conditions (7 h ) afforded the imidazolidine 6 in higher yield (65%), which apparently was due to the in situ reaction of the initially generated tris-arylthio compound 8. This assumption was verified by the conversion of independently synthesized tris(arylthio)nitrodiene 8, which also gave 6 in 80% yield (Scheme 3). It should be mentioned that the released 4-tolylthiolate anion again formed the disulfide 7, which was isolated in 15% yield.
Scheme 3
In contrast to expectations by analogy to the nucleophilic exchange reaction described above, no 1,1,3,4-tetrakis(4-tolylthio) derivative was observed, potentially due to steric hindrance at the α-tolylthio and β,β-dichlorovinyl positions. Similar substitution reactions had been published starting from 1,1-bis(methylsulfanyl)-2-nitroethylene and α,ω−diaminoalkanes, which led to the corresponding 1,3-diamino heterocyclic compounds. 4 However, the conversion of imidazolidine 6 with sodium 4-tolylthiolate in ethanol (reflux, 10 h), as well as the reaction with a fivefold excess of 1,2-ethylenediamine (EtOH reflux, 5 h) failed, perhaps due to the decreased electrophilicity of the terminal carbon atom of the β,β−dichloro-α−(4-tolyl)thio-vinyl group (in contrast to the same carbon within the α,β,β−trichlorovinyl moiety, i.e. lacking the thio substitutent).
Discussion of the NMR and IR data for compounds 1, 3, 4 and 8
First of all, it is worthy of note that our spectroscopic data are in accordance with those reported by Ibis et al. 2a but, apparently, the reported tris(4-tolylthio)dichloronitro-1,3-butadiene is not a 1,1,4-substituted, but a 1,1,3-tris(4-tolylthio) regioisomer instead. This indication was proven by X-ray analysis and, in addition, by an independent synthesis of imidazolidine 6 starting from the tris(thio)nitrodiene 8. The nmr shifts of the C-1 carbon atoms of compounds 3, 4, and 8 (the atom numbering of these non-heterocyclic compounds follows the example in Scheme 1) appear relatively downfield around 160 ppm, whereas the NO 2 -bearing carbon atoms C-2 each show their resonance, a broadened less intense peak, between 138 and 141 ppm. In accordance with the values and splitting patterns (AA'BB'-system of the aromatic protons within the range 6.63-7.60 ppm and 2.30-2.43 ppm for the methyl singlets, respectively). Furthermore, some characteristic bands in the IR spectra of compound 3, 4, and 8 should be mentioned: The C=C stretching band is observed within the range 1572-1606 cm -1 , and the NO 2 groups range from 1512 to 1531 cm -1
(asymmetric stretching) and from 1310 to 1321 cm -1 (symmetric stretching). An IR band around 510 cm -1 is assumed to stem from the C-S vibration, even though somewhat higher values can be found in the literature. 7 In the course of the vinylic substitutions, the reaction of the monothio derivative 3 with ethanolamine or N,N'-diphenyl-ethylenediamine in methanol afforded the bis(4-tolylthio)diene 4 (45-50%) and the corresponding heterocyclic compounds, i.e. the oxazolidine 9 or the imidazolidine 10, respectively, in 20 to 25% chemical yield. The disproportionation of the bis(arylthio)nitrodiene 4, effected by one of the bisnucleophiles mentioned above at room temperature, revealed the tris(arylthio)butadiene 8 (43-47%), the disulfide 7 (3-5%), and the heterocycles 11 or 12 (12-15%) . In analogy to the reaction of the imidazolidine 6 with 4-tolylthiol (2), the pre-formed heterocycle 9 was reacted with 2, whereas 10 additionally was combined with the unsubstituted benzenethiol in sodium methoxide solution at slightly elevated temperature. Even though the resulting oxazolidine derivative 11 was obtained in 50% yield, the imidazolidines 12 and 13 were accessible in 90-93% yield (with traces of the side product 7). Some further attempts to convert the tris(4-tolylthio)butadiene 8 to the oxazolidine 11 or to the imidazolidine 12 with ethanolamine or N,N'-diphenyl-ethylenediamine, respectively, were unsuccessful. In detail, at room temperature no reaction occurs, whereas at elevated temperatures (60-65°C) an inseparable complex mixture of products was obtained. Aside from steric reasons (i.e. the presence of three aromatic rings has to be taken into account), especially in the case of ethanolamine, this result was not unexpected due to the fact that the nucleophilic oxygen of ethanolamine represents a harder nucleophilic center (following Pearson´s concept 8 ) than the nitrogen of the amino group. The former should be able to initiate the fragmentation of the double bond of the C(NO 2 )=C(S-)S-unit, as is known from the alcoholysis of 2-nitroperchloro-1,3-butadiene (1), which leads to 1,1,2-trichloro-3-nitro-1-propene as well as to the corresponding esters of 2-nitro-3,4,4-trichlorocrotonic acid. 9 Additionally, with the imidazolines 12 and 13 in hand, some subsequent synthetic steps appeared to be useful. Thereby, the oxidation of the sulfur in 12 by means of 77% m-chloroperbenzoic acid was performed (CHCl 3 , r.t., 30 h), providing the sulfone 14 in 90% yield. In addition, the saponification of the internal chloro substituent of the trichlorvinyl group in 10 with aqueous dimethylsulfoxide at 80°C gave the synthetically interesting nitrobutenone 15 in 65% yield (Scheme 4). Applying sulfur-containing nucleophiles, the reaction of monothiobutadiene 3 with cysteamine hydrochloride (MeOH, 0°C) in the presence of sodium methoxide (3:cysteamine:MeONa = 2:1.1:3.3) furnished the bis(4-tolylthio)diene 4 (32%) as well as the thiazolidine 16 (45%). It is noteworthy that the corresponding reaction of 3 with other Snucleophiles (e.g. 2-mercaptoethanol or 1,2-ethanedithiol with the ratio 3:thiol:MeONa = 1:0.55:1.1) occurred with drastically decreased selectivity, in comparison to N,N-, N,O-, or N,Sbisnucleophilic reagents. In detail, the dithiobutadiene 4 was found (10-15%) as well as the tris(arylthio)nitrodiene 8 (5-10%) and the oxathiolane 17 (12%) or the dithiolane 18 (25%), respectively. Unfortunately, as a side-product the disulfide 7 was formed in about 5% yield.
Scheme 4
Under room temperature conditions and with an excess of sodium methoxide (i.e. 3:cysteamine hydrochloride:MeONa = 1:1.1:3.3 or otherwise 3:mercaptoethanol or 1,2-ethanedithiol:MeONa = 1:1.1:2.2), the formation of tris(arylthio)nitrodiene 8 (5-13%), the corresponding heterocyclic 4-tolylthio derivatives 19, 20 or 21 (in 25%, 20% and 50% yield, respectively), and the disulfide 7 (5-8%) was observed. Applying bisthionitrobutadiene 4 as starting material (and cysteamine hydrochloride, or 2-mercaptoethanol or 1,2-ethanedithiol, respectively), the tris-thiobutadiene 8 (5-20%) and the disulfide 7 (5%) were observed together with the expected cyclic products, thiazolidine 19 (75%), oxathiolane 20 (15%), or dithiolane 21 (40%) (Scheme 5).
Scheme 5
The distribution of reaction products again underlines the higher selectivity of cysteamine contrary to the conversion of 4 using 1,2-ethanedithiol or mercaptoethanol. In the latter case, additionally a regioisomeric mixture of 1,1-bis(4-tolylthio)-4,4-dichloro-3-(2-hydroxyethyl)thio-2-nitro-1,3-butadiene (22) (6%) and the corresponding 1,3-bis(4-tolylthio)-4,4-dichloro-1-(2-hydroxyethyl)thio-2-nitro-1,3-butadiene (23) (9%) was isolated and investigated by nmr spectroscopy. The aforementioned threefold sulfur-substituted nitrobutadiene 22 obviously is generated via a competitive reaction pathway where the internal carbon atom of the trichlorovinyl group is attacked by mercaptoethanol. On the other hand, 23 seemed to be a precursor of the oxathiolane derivative 20. As a particular conclusion, the sulfur-substituted heterocyclic compounds 19-21 each are accessible in good yields (60-65%) starting from the heterocyclic trichloro-substituted precursors 16-18 and the sodium salt of 4-tolylthiol (reaction conditions: MeOH, 0°C to r.t., 6-8 h).
Furthermore we have to discuss our own results in contrast to a previous structural proposal: It was recently published by Ibis 2a that the reaction of monothionitrodiene 3 with cysteamine hydrochloride or with 1,2-ethanedithiol (EtOH/NaOH, NaOH, r.t., 1-2 h) led to 3,4-dihydro-2H-1,4-thiazocine or 2,3-dihydro-1,4-dithiocine derivatives, respectively. In this paper, we wish to present proof of formation of the five-membered 2-[2-(4-tolyl)thio-3,3-dichloro-1-nitroallylidene]thiazolidine (19) or dithiolane 21, instead. Indeed, due to their molecular structure, formation of eight-membered rings seems to be feasible, though less likely. Therefore, we repeated the synthesis described in the literature and, additionally, synthesized the compound in question by applying an alternative reaction pathway. More precisely, we started also from thiazolidine 16 and sodium 4-tolylthiolate and thus obtained the same five-membered compound 19 which had been identified by us previously, initially by nmr methods. To put all doubts aside, we repeated the reaction with diene 3 / 1,2-ethanedithiol and dithiolane 18 / sodium 4-tolylthiolate, respectively. Both of these reactions revealed the spectroscopically identical product, i.e. dithiolane 21. Finally, an X-ray analysis of the corresponding oxathiolane 20 unambiguously proved the presence of only five-membered heterocyclic ring systems (Figure 2) .
Moreover, the reaction of the monothio derivative 3 with the disodium salt of 1,2-ethanediol initially failed, but raising the temperature to 50°C revealed the bis(4-tolylthio)diene 4 (45%), but not the corresponding heterocyclic 2-(2,3,3-trichloro-1-nitroallylidene)-1,3-dioxolane. In the case of the reaction of nitrodiene 3 and an equimolar amount of 1,2-ethanediol and sodium metal in benzene, again 4 was formed (45%). Applying the same reaction conditions to compound 4 as the substrate furnished the tris(arylthio)nitrobutadiene 8 (43%) and the disulfide 7 (5%).
Discussion of the NMR data for compounds 5, 6, 9-14, and 16-21
The particular carbon atoms in the 2-position of these heterocyclic compounds (for atom numbering refer to compound 6 in Scheme 2) show their resonance in a range between 155 and 178 ppm, depending on the kind of heteroatoms, i.e. 155 to 159 ppm (N-C-N), around 165 ppm (N-C-O), 168 ppm (N-C-S), 171 ppm (S-C-S), and 177 ppm (S-C-O) ppm. The ppm value for the broad resonance of the C-6 carbon atom shows by far the highest range: 102.6 to 105.8 ppm (imidazolidines and oxazolidines), and 113.1 to 130.1 ppm (thiazolidines, oxathiolanes, and dithiolanes). Moreover, apart from the sulfone 14 and nitrobutenone 15, the 13 C-NMR peaks of the C-7 and C-8 carbon atoms of 5, 6, 9-14, and 9-21 were found within 117.0-125.8 ppm (C-8), and 125.7-131.0 ppm (C-7), respectively. Consequently, the C-7 and C-8 carbon atoms of the sulfone 14 resonate much deeper, i.e. at 136.9 and 137.4 ppm. Among the expected appearance of the proton nmr spectra of 6, 11, 12, 14, and 19-21, especially as AA'BB'-systems, the NH group of imidazolidine 5 exhibits a proton signal around 8. 
Experimental Section
General Procedures. Melting points were measured on a Büchi 520 apparatus and were uncorrected. NMR spectra were obtained on a BRUKER Avance with 400 MHz proton frequency. 1,1-Bis(4-tolylthio)-3,4,4-trichloro-2-nitro-1,3-butadiene (4) . To a cold solution of 10.00 g (36.9 mmol) nitrodiene 1 and 9.32 g (75 mmol) of thiol 2 in ethanol (50 ml) was added dropwise at 0°C a solution of 5.02 g (74 mmol) sodium ethoxide in 10 ml of ethanol within 10 min. After 2 h at 0°C with stirring the precipitate was filtered off, washed with water and twice with cold methanol (2 × 20 ml). Removal of the solvents afforded 14.50 g (88%) pure product. R f = 0. 
General procedure 1. Reaction of diene 3 with 1,2-ethylenediamine to give 4 and 2-(2,3,3-trichloro-1-nitroallylidene)imidazolidine (5)
A solution of 0.36 g (6.0 mmol) 1,2-ethylenediamine in methanol (5 ml) was added to a suspension of 1.08 g (3.0 mmol) nitrodiene 3 in methanol (10 ml) at 0°C and stirred for 1 h at the same temperature. The precipitated bisthiodiene 4 was filtered off, washed with water and cold methanol (2 × 3 ml) and dried under reduced pressure to yield 0.64 g of 4 (48%). The collected filtrates were carefully neutralized by means of hydrochloric acid and stirred with additional 50 ml of water. Again, the solid was filtered off, then washed with water and small portions of diethyl ether (3 × 5 ml). Recrystallization from methanol gave 0.27 g (35%) of imidazolidine 5. 
General procedure 2. Reaction of monothiodiene 3 with 1,2-ethylenediamine to give 2-[3,3-dichloro-1-nitro-2-(4-tolyl)thio-allylidene]imidazolidine (6) accompanied by disulfide 7
A suspension of 1.0 g (2.8 mmol) of 3 and 1.7 g (28 mmol) 1,2-ethylenediamine in methanol (15 ml) was stirred for 6 h at room temperature and subsequently heated to reflux (10 h). After cooling down to 5°C the surplus amine was slowly neutralized with hydrochloric acid. The resulting salt then was removed by means of cold water (100 ml). The residual solid was sucked off and washed subsequently with water and petrol ether (4 × 10 ml). The resulting crude product was recrystallized from dichloromethane to afford 0.48 g (50%) of imidazolidine 6. The mother liquor contained 0.10 g (15%) of disulfide 7.
The reaction of bisthiodiene 4 with 1,2-ethylenediamine to give imidazolidine 6 (65%) and disulfide 7 (5%) was also carried out according to this general procedure 2. The reaction time was 2 h at 20°C and 7 h at methanol reflux conditions. General procedure 3. Reaction of bisthiodiene 4 with 1,2-ethylenediamine to give imidazolidine 6 and tristhiodiene 8 A suspension of 1.07 g (2.4 mmol) diene 4 and 0.85 g (14 mmol) 1,2-ethylenediamine in methanol (15 ml) was stirred for 10 h at room temperature. After cooling down to 5°C the waste amine was carefully neutralized by means of hydrochloric acid. The precipitate of 8 was sucked off and washed with methanol (3x7 ml), petrol ether (3x7ml) and finally with water (3x15 ml). The solid was dried under reduced pressure to give 0.45 g (35%) diene 8. Subsequently, the collected solvents were combined with cold water (100 ml) to obtain an additional solid which was filtered off, washed with water and petrol ether (4x10 ml). Recrystallization from dichloromethane gave 0.37 g (45%) of imidazolidine 6. A solution of 0.22 g (4.0 mmol) sodium methylate in methanol (5 ml) was added at 0°C to a vigorously stirred suspension of 1.0 g (3.9 mmol) of 5 and 0.50 g (4.0 mmol) 4-tolylmercaptane in 15 ml of methanol. The mixture was stirred for 2 h at room temperature and for additional 6 h at 35°C. Subsequently, after cooling down to 5°C, a few drops of conc. hydrochloric acid were added and the reaction mixture was taken up in cold water (100 ml). A precipitate was obtained which was sucked off and successively washed with methanol (3 × 7 ml), petrol ether (3 × 7 ml) and water (3 × 15 ml). Finally, recrystallization from dichloromethane yielded 1.16 g of imidazolidine 6 (90%). In addition, 0.03 g (5%) of the disulfide 7 were received from the mother liquor.
2-[3,3-Dichloro-1-nitro-2-(4-tolyl)thioallylidene]imidazolidine (6).
The reactions of monothiodiene 3 with ethanolamine (to give 55% of bisthiodiene 4) and 1,2-ethylenediamine (50% of 4) have been performed in accordance with the general procedure 1. In the latter case, the reaction required 3 h at room temperature. 2-(3,3-Dichloro-1-nitro-2-phenylthioallylidene)-1,3-diphenylimidazolidine (13 16 A solution of 0.26 g (4.8 mmol) sodium methoxide in methanol (10 ml) was added at 0°C to a vigorously stirred suspension of 1.08 g (3.0 mmol) of 3 and 0.18 g (1.6 mmol) cysteamine hydrochloride in 10 ml of methanol. The mixture was stirred for 2 h at 0°C and for additional 3 h at room temperature. After work-up as described for general procedure 1, 0.43g (32%) diene 4 and 0.37 g (45%) thiazolidine 16 were obtained. 2-(2,3,3-Trichloro-1-nitroallylidene) The reaction of monothiodiene 3 with cysteamine hydrochloride, 2-mercaptoethanol, and 1,2-ethanedithiol, respectively, to give tristhiodiene 8, and the heterocycles 19-21 was carried out according to general procedure 5. The reaction time was 6 h for cysteamine hydrochloride, 20 h for mercaptoethanol, and 48 h for 1,2-ethanedithiol. The reagent ratio in case of cysteamine hydrochloride was 3:aminothiol:MeONa 1:1.1: 3.3, but, in case of mercaptoethanol and ethanedithiol was 3:thiol:MeONa 1:1.1:2.2. Products yields, starting from the cysteamine salt, were 25% for thiazolidine 19 and 5% for tris(4-tolylthio)diene 8. The conversion applying mercaptoethanol gave oxathiolane 20 (20%) and diene 8 (13%), whereas dithiolane 21 was The reaction of bisthiodiene 4 with cysteamine hydrochloride, 2-mercaptoethanol, or 1,2-ethandithiol, respectively, to give the dienes 8, 22 and 23 as well as the heterocycles 19-21, respectively, was successful following the general procedure 5. The reaction time was 6 h for cysteamine hydrochloride, 25 h for mercaptoethanol, and 40 h for 1,2-ethanedithiol. The cysteamine hydrochloride yielded diene 8 (5%), thiazolidine 19 (75%), and disulfide 7 (5%), whereas mercaptoethanol afforded diene 8 (5%), oxathiolane 20 (15%), disulfide 7 (below 5%), and as additional side products the tristhiodienes 22 and 23 (15% in total, not separable by column chromatography). In the case of ethanedithiol, diene 8 (20%), dithiolane 21 (40%), and disulfide 7 (about 5%) were obtained. Bis(4-tolylthio)-4,4-dichloro-3-(2-hydroxyethyl)thio-2-nitro-1,3-butadiene (22) and 1,3 Bis(4-tolylthio)-4,4-dichloro-1-(2-hydroxyethyl)thio-2-nitro-1,3-butadiene (23). The 2-hydroxyethyl-substituted compounds 22 and 23 were obtained as a viscous yellow mixture. The isomeric ratio (2:3) was determined by 13 : 487.9977, found: 487.9981. The reactions of the heterocyclic compounds 16-18 with sodium 4-tolylthiolate to give the thiazolidine 19 (65%), oxathiolane 20 (60%), and dithiolane 21 (60%) were performed in accordance with the general procedure 4 at room temperature within 6 to 8 h. The reaction of monothiodiene 3 with bissodium ethyleneglycolate proceeded at 45-50°C in ethylene glycol following the general procedure 1 and furnished the bisthio compound 4 in 45% yield. Applying 4 as the substrate, the tristhiodiene 8 (43%) accompanied by the disulfide 7 (5%) was obtained.
1,1-

